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Our research group is studying the molecular struc-
tures and functions of nuclei and chromosomes, mainly in
plants.  Our recent goal is to construct plant artificial
chromosomes by analyzing chromosome functional ele-
ments; centromeres, telomeres and replication origins.
We are currently working on the CREST project spon-
sored by the JST,“Molecular analysis of chromosome
functional elements and construction of artificial chromo-
somes in plants”.
1. Isolation of novel minichromosomes from Arabidopsis
thaliana
We have been analyzing the minichromosome 4S,
derived from a short arm of chromosome 4,  in
Arabidopsis thaliana. In this experiment, we have isolat-
ed a line carrying two mini-4S chromosomes tagged with
kanamycine-resistant (nptII) gene (2n=12).  In addition,
we transformed the Tr4S line with pBGF101
(pBI101+GFP) by the in planta vacuum infiltration tech-
nique, and succeeded in producing a fertile plant with
2n=13 Among the transformants, fluorescence in situ
hybridization (FISH) with 5S and 18S rDNAs as probes
revealed that there were three minichromosomes in addi-
tion to mini-4S, and that one chromosome 2 was missing.
Of the three minichromosomes, two originated from a
short arm of chromosome 2 (2S) and one was tagged with
T-DNA. In its progeny, various combinations of the
minichromosomes appeared, and the plants having one
and two mini-2S (2n=11 and 12) were successfully isolat-
ed. Interestingly, expression of both GFP and nptII genes
were occasionally suppressed in these plants. FISH with
180-bp repeat as a probe indicated that the size of the
180-bp repeat cluster on the mini2S is much shorter
(>1Mb) than that of original chromosome 2. This suggests
that breakage have occurred in the centromeric region.
2. Analysis of centromere-specific proteins
Proteins similar to the human centromere-binding pro-
teins such as CENP-A and -C have been identified in some
plant species.  However, no other centromere-binding
proteins have been characterized yet.  Therefore, we
characterized the Arabidopsis gene homologous to the fis-
sion yeast Mis12.  The antibody against the synthetic pep-
tide made from the deduced amino acid sequence showed
that the AtMIS12 protein localizes on the centromerc
regions through cell division.  Analysis using the chro-
matin-fiber technique revealed that the centromere pro-
teins localize only a limited part of the 180-bp repeat clus-
ters, but colocalize with HTR12 (centromeric histone H3).
We also found a novel centromere protein that has not
been identified in humans. 
3. Pot1 (Protection of telomere 1)-like proteins in A.
thaliana
We identified two Pot1-like proteins (AtPot1 and
AtPot2) in A. thaliana. RT-PCR revealed the production of
three different transcripts of AtPOT1 and two of AtPOT2,
suggesting that they were exposed to alternative splicing.
Alternative splicing is also known to occur in human Pot1,
and only one splicing variant had tissue specificity among
five splicing variants. Therefore, tissue specificities were
also investigated in AtPot1 and AtPot2. However, neither
AtPot1 nor AtPot2 showed any tissue specificity. The
antibody against the synthetic peptide deduced from the
AtPOT1 recognized three different peptides in nuclear
extracts, suggesting that all three AtPOT1 variants are
translated and bind to the telomeres.






































Quality of the flour milled from domestic wheat is poor
in noodle- and bread-making, and also in flour color.  In
Japan, rain-fall and cold temperature at harvesting time of
wheat often induces seed germination in the field before
harvest (preharvest sprouting).  Starch-degrading
enzymes secreted in germinating seeds affect flour quali-
ty.  Red-grained lines have been mainly cultivated in
Japan, since they show high resistance to preharvest
sprouting.  However, the red pigment in the seed coat tis-
sue contaminates the flour after the milling process and
lowers the brightness of the flour.  We have mainly been
studying these problems.  The following researches were
conducted this year.
1) Comparison of DFR gene invloved in the synthesis of
grain pigment
We isolated DFR genes on 3A, 3B and 3D chromosomes
of the A, B and D genomes, respectively, of hexaploid
wheat, and those of ancestral species of wheat.
Comparison of the sequences of these DFRs, revealed a
larger variation in the untranslated regions (intron, pro-
moter, 3'- and 5' UTR) than in the ORF, which is translat-
ed to amino acids.  The variation in the untranslated
region was unexpectedly large.  It is possible that poly-
ploidization, which makes different genomes stay in a cell,
might induce higher base changes.
2) Isolation of polyphenol oxidase (PPO) genes related to
dough colour change of wheat
PPO in the flour has been thought to be an enzyme that
reduces the brightness of dough. We isolated three PPO
genes from wheat.
We are also studying the role of starch-degrading
enzymes in starch digestion. α-Glucosidase exists in mil-
let seeds and it approximately doubles within 24h of the
germination.  We isolatedα-glucosidase from germinating
millet seeds.  The Km value of the enzyme decreased with
increasing molecular weight of the malto-oligosaccha-
rides.  Therefore, theα-glucosidase is considered to have
a stronger affinity for malto-oligosaccharides liberated
from starch byα-amylase than for maltose produced by
β-amylase.  The enzyme preferably hydrolyzed amy-
lopectin in starch, but also readily hydrolyzed nigerose,
which has anα-1,3-glucosidic linkage and exists as an
abnormal linkage in the structure of starch.
The enzyme readily hydrolyzed millet starch in germi-
nating seeds.  Therefore, the enzyme is considered to play
an important role during the early stage of germination.























































Our group has been studying the mechanism of alu-
minum (Al) toxicity and tolerance of plants. Al toxicity is
a major problem limiting crop production in acid soil. Our
goal is to increase the crop productivity in acid soil. Some
results are presented below.
1. Effects of K-252a and abscisic acid on the efflux of cit-
rate from soybean roots
The Al-induced release of organic acid has been sug-
gested as an important mechanism of Al resistance in
plants. The effects of K-252a and abscisic acid (ABA) on
the efflux of citrate were investigated in soybean
(Glycine max L.) roots. Treatment with K-252a, an
inhibitor of protein kinase, before or during Al application
severely inhibited the Al-induced efflux of citrate accom-
panying an increase in Al accumulation and intensified Al-
induced root growth inhibition. Al-treatment increased
the endogenous level of abscisic acid (ABA) in soybean
roots, but K-252a failed to inhibit the Al-induced increase
in endogenous ABA. ABA-induced increases in citrate
efflux and root elongation were suppressed by K-252a,
while ABA could not reverse the K-252a effects. These
results suggest that ABA is probably involved in the early
response, after which K-252a-sensitive protein kinases
play a key step in regulating exudation.
2. Analysis of Al tolerance mechanism in pea roots in rela-
tion to reactive oxygen species (ROS) production.
The molecular mechanism of Al tolerance in pea roots
was investigated physiologically and biochemically, by
comparison between Al-tolerant (Alaska) and Al-sensitive
(Hyogo) cultivars. In both cultivars, there was a strong
correlation between the rate of ROS production at the
elongation zone and the rate of root elongation inhibition.
This suggests that the Al-triggered ROS production is a
determining factor of root elongation inhibition under Al
treatment. Furthermore, compared with Hyogo, Alaska
contained a larger amount of ATP in root apices, and Al
treatment decreased the ATP content in Alaska accompa-
nying a decrease in Al tolerance. These results suggest
that the amount of ATP in the root apex is one of the fac-
tors determining Al tolerance. In addition, to elucidate
primary responses to Al, we are analyzing the effects of Al
on the fluxes of mineral nutrients, water and sugar in the
plasma membrane using cultured tobacco cells.
3. Overexpression of wheat ALMT1 gene confers alu-
minum tolerance in plants
We previously cloned a wheat ALMT1 gene which is an
Al-activated malate transporter, and showed that ALMT1
is an Al-tolerance gene. Here, to examine whether wheat
ALMT1 confers Al tolerance in other intact plants, we
produced transgenic barley and tobacco plants overex-
pressing ALMT1. Transgenic barley roots exhibited Al-
activated malate efflux and enhanced tolerance to Al in
both hydroponic culture and acid soil. Transgenic tobacco
roots also exhibited increased Al tolerance in hydroponic
culture. These findings indicate that ALMT1 confers Al
tolerance in both monocot and dicot plants, and also is an
acid-soil tolerance gene.

















































This group is conducting molecular and cellular biologi-
cal studies on the plant growth and the plant’s response
to environmental stress including studies on biological
membranes. The following researches are in progress.
1. Functional analysis of aquaporins.
Aquaporins are membrane proteins responsible for the
transport of water and some low-molecular weight com-
pounds. We revealed that transcript of a barley aquaporin,
HvPIP2;1, was one of the most abundant aquaporins in
barley, and its expression is regulated by salt stress. We
revealed that HvPIP2;1 encoded water channel activity,
raised salt sensitivity, and increased CO2 permeability
suggesting that aquaporin activity regulates the CO2
assimilation rate.
2. Major membrane intrinsic protein (MIP) family in bar-
ley and rice genomes.
MIPs are an ancient family of channel proteins including
aquaporins comprising four different groups of highly
divergent proteins. To conduct comprehensive studies on
the expression and function of MIP family, we have been
collecting cDNAs endcoding MIPs from barley plants.
In the genomic sequence of rice, which was completed in
2002 though the database is in the draft stage, we have
identified 36 different MIP-encoding genes and 2 pseudo-
genes. Comparison with Arabidopsis thaliana and Zea
mays provided useful information on the structure and
function of several subfamilies of MIPs.
3. Factors regulating calcium signaling in the response to
environmental stress.
We have identified the genes for MAPKase and CAX (cal-
cium proton exchanger) in barley. These genes are homo-
logues of stress-responsive genes for MAPKase and CAX
reported from rice and maize. Transcription of barley
MAPKase was regulated by the temperature change. The
amount of CAX transcript in barley roots increased after
an addition of calcium chloride to the hydroponic solu-
tion. Barley CAX complemented the phenotype of yeast
cells lacking the activity of calcium transport into the vac-
uole.
4. Mechanism of transportation of glutathion-conjugate
across tonoplast membrane.
The transport of glutathione-conjugated herbicide into
tonoplast by the GS-X pump is closely related to herbicide
resistance and detoxification. The GS-X pump is a protein
belonging to an ABC super family. This year, we exam-
ined the structure and function of the GS-X pump gene
isolated from genomic DNA and cDNA of Vigna radiata
seedlings and examined the quantitative expression of the
GS-X pump gene using the real-time RT-PCR method.
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In this group, genetic factors necessary for greater pro-
duction efficiency of crops are studied by using transpo-
son-tagging lines and introgression of genes from wild
species.  The mechanism of gene expression by phytohor-
mone is also studied.
1．Detection of an autonomous element responsible for
mobility of DNA transposon nDart in rice
An non-autonomous Ac/Ds type transposon, nDart (non-
autonomous DNA-based active rice transposon) identified
in a mutable virescent NIL derived from a wide cross is
actively transposed under a normal growth condition. It is
important to identify an autonomous element Dart that
makes nDart transposed and reveal the regulatory mech-
anism of the transposition. In BC3F1 plants, which were
obtained by backcrossing  japonica pyl-v plant having
nDart and Dart to indica Kasalath as a recurrent parent,
relation between persistent japonica-type chromosome
segments segregate of pyl-v were examined by SSR analy-
sis.  Dart was presumed to be located at distal region of
long arm of chromosome 6.
２．Light control of shoot regeneration in calli derived
from immature embryos of barley
Callus growth and shoot regeneration in immature
embryos of barley was examined under various combina-
tion of a 12-h photoperiod and continuous darkness.
Incubation in darkness during callus induction enhanced
shoot regeneration in Kanto nijo-5 and K-3.  Kanto nijo-5
and K-3 incubated in darkness during the first two weeks
of the callus induction followed by two weeks of a 12-h
photoperiod had higher shoot regeneration ability than
those incubated in an 12-h photoperiod followed by two
weeks of darkness.  Sensitivity to light condition may be
higher in the early stage of callus induction.  The effects
of light quality were examined in Kanto Nijo-5 and K-3.
Immature embryos were cultured under fluorescent, red,
far-red and blue light.  Percentages of shoot regeneration
were low in cultures under fluorescent and blue light, but
high in cultures under red and far-red light.  This suggests
that blue light signals concern with light inhibition of
shoot regeneration.
３．Analysis of PR5 receptor-like S/T protein kinase
(PR5RK) gene related to abscisic acid (ABA) signal
transduction
ABA controls seed dormancy, germination and the
responses to some stresses such as cold, drought and high
salt in a plant.  To identify new genes or enhancers for
hormonal response in Arabidopsis, we screened green flu-
orescent protein (GFP) reporter gene enhancer trap lines
by monitoring GFP expression changes after hormone
treatments and obtained six lines.  A PR5RK gene was
cloned as a target gene out of them.  The knockout
mutant of PR5RK exhibited ABA insensitivity, suggesting
that PR5RK was a positive regulator of ABA signal trans-
duction.  We are investigating the mechanism of the
PR5RK gene expression responsive to ABA signal.















































In this laboratory, the behavioral, physiological and bio-
chemical functions of insects and related genes are being
studied to develop new techniques for insect pest control. 
1. Cold hardiness of Helicoverpa armigera
The cotton bollworm, Helicoverpa armigera is a major
pest to many crops. To identify the overwintering regions
in Japan, we have been studying the cold hardiness and
sugar content in diapausing and non-diapausing pupae
acclimatized from 20℃ to 0℃. Supercooling points of
acclimatized diapausing and non-diapausing pupae were
around -17℃. However, 50% acclimatized diapausing
pupae survived for more than 110 days at 0℃ and almost
all non-diapausing pupae died within 30 days. Even
though polyols such as glycerol were not detected in dia-
pausing pupae, the trehalose content increased signifi-
cantly in the pupae during acclimation. These results
show that diapausing pupae can overwinter in regions
where average winter temperatures are higher than 0℃.
2. Diapause of Helicoverpa armigera
Helicoverpa armigera exhibits a facultative pupal dia-
pause, which depends on temperature and photoperiod
during the larval stage. However, some pupae in the field
populations do not enter diapause even though they are
reared at 20℃ under a short photoperiod. To elucidate
whether they enter diapause   at temperatures lower than
20℃, non-diapausing groups were selected at the above
conditions. When the groups were reared at 15℃, they
entered diapause irrespective of photoperiod.
Furthermore, sensitive stages for thermal determination
of pupal diapause were determined. The sensitive stages
were late fifth larval instar (from gut purge to pupation)
and pupae. The thermal sensitive stages were different
from photosensitive stages for pupal diapause.
3. Studies on glutathione S-transferase gene involved in
chlorfluazuron resistance of the diamondback moth,
Plutella xylostella L.
We have been studying the relationship between glu-
tathione S-transferase (GST) and chlorfluazuron resis-
tance using non- selected (NS) and chlorfluazuron-resis-
tant (CFR) strains of the diamondback moth (DBM),
Plutella xylostella L. The CFR strain exhibited higher
GST gene expression and GST activity than the NS strain.
These results suggest that GST is involved in detoxifica-
tion of chlorfluazuron in DBM. Southern blot and
nucleotide sequencing analyses showed that the higher
GST-3 expression in the CFR strain results from
enhanced gene transcription.
4. Development of repellent to fruit-piercing moths
Since fruit-piercing moths suck out the juice from only
ripening fruits, they are serious pests in orchard culture.
























































Our research group aims to contribute to the welfare
and health of humankind and the development of the sci-
ence in bioresorces through the evaluation and analysis of
the fate and biological effects of chemicals in the environ-
ment and the preservation of bioresources.
1. Study on the fate and ecotoxicity evaluation of haz-
ardous chemicals in ecosystems 
Environmental pollution, especially that by general haz-
ardous chemicals, persistent organic pollutants and
endocrine disrupting chemicals are apprehended to have
serious effects on the ecosystems. Chemicals such as
agricultural chemicals, heavy metals, surface-active sub-
stances, and other chemicals used by consumers and
industries are released into the environment and finally
reach the sea through water channels, rivers and lakes.
Our research group is investigating the fates and ecotoxi-
city of these chemicals. These chemicals in water and soil
spheres are redistributed to water, suspended maters,
sediments, soils, micro-organisms and higher fauna and
flora via adsorption-desorption, intake-  excretion, photo-
and bio-degradation and various physical, chemical and
biological processes. These are controlled by pH, redox
potential, solubility, w/o distribution factor, light/UV
intensity, biomass of microbes and others. Considering
these factors, we are investigating the fates and ecotoxici-
ty of chemicals from agricultural lands and industrial
waste-disposal sites. The integrated ecotoxicity of chemi-
cals is evaluated by bioassays using bacteria, yeast, phyto-
plankton, daphnia and higher plants. Growth inhibition,
mortality, photosynthetic activity, chlorophyll contents
etc. are evaluated as endpoints. We are evaluating  the
allowable intake of artificial estrogens which is a recent
controversial problem by comparing the intensities of
estrogenicity of artificial and phyto-estrogens. For evalua-
tion of the ecotoxicity of chemicals, we investigated the
interaction of heavy metals, agricultural chemicals and
endocrine chemicals quantitatively and found that syner-
gistic, additive and antagonistic interaction modes vary
with the combination and reaction mechanisms of chemi-
cals.
2. Integrated evaluation of the safety of industrial waste-
disposal site.
Chemical characteristics of leachates, the fates and
ecotoxicity, risk assessment and risk management at the
industrial waste-disposal sites are under investigation.
3. Development Research on Toxicity Evaluation of haz-
ardous Chemicals by High-throughput Method 
We conduct research on developing high-throughput
methods of bioassays for comprehensive toxicity evalua-
tion of hazardous chemicals released to environments.
This is a new tool for detecting active oxygen generated
in cells by chemical stress.










































1. Pathogenicity of Benyvirus
We found that transgenic Nicotiana benthamiana
plants transformed with the 54-kDa read through domain
open reading frame of Beet necrotic yellow vein virus
(BNYVV) display highly resistant and recovery pheno-
types at high frequency. The highly resistant plants are
immune to foliar rub-inoculation with BNYVV. Molecular
analyses revealed that resistance in highly resistant plants
is mediated by transgene-induced RNA silencing and that
recovery is mediated by virus infection-induced silencing
of the transgene. We compared the differences between
the RNA degradation in leaves and that in roots using
these transgenic and nontransgenic plants. The results
show that the RNA silencing-mediated resistance is less
effective in roots than in leaves.
2.Nuclear import of Orchid fleck virus (OFV)
Orchid cells infected with OFV induces a intranuclear
electron-lucent viroplasm. We found that intranuclear
viroplasms result from the accumulation of OFV structur-
al proteins and may be the site of virion assembly. Of the
three structural proteins of OFV tested for subcellular
studies, only the 26K protein is capable of nuclear import.
Coexpression of 49K and 26K proteins drastically affects
their localization patterns relative to the expression of
individual  proteins and result in a shift of both proteins
to a subnuclear region. Because 49K and 26K proteins
are probably essential components of the viral ribonucleo-
protein (RNP), translocation of the signal-containing 26K
protein may play a key role in nuclear import of the OFV
RNP.
3. Genome organization of a novel Hypovirus
We report here the identification of a reovirus, termed
MYRV1, from a morphologically distinct hypovirulent iso-
late (9B21) of Cryphonectria parasitica, which is the fil-
amentous fungus that causes chestnut blight disease.
Virus particles purified from infected mycelium of this
isolate contain 11segments of dsRNA and show physical
characteristics typical of the family Reoviridae .
Introduction of purified particle preparations into proto-
plasts made from virus-free isolates of the fungus resulted
in newly infected mycelium with the same morphological
characteristics as the original virus-infected isolate.
Sequences analysis revealed that all the segments of
CpMYRV1 have single large ORFs on their plus-strands
and the conserved terminal sequences, 5’GAUCA――
GCAGUCA-3’. MYRV1 was also shown to be closely relat-
ed to mammal-pathogenic coltiviruses within the family.
The proposal we made to International Committee on
Taxonomy of Viruses (ICTV) has been approved.
“Mycoreovirus”is a new genus within the family
Reoviridae and accommodates MYRV1 as its type mem-
ber.

































































Microorganisms are important members as degraders as
plants are as producers and animals are as consumers in
the natural ecosystem. Procaryotic microorganisms
include bacteria and cyanobacteria and eucaryotic
microorganisms include yeasts, molds and mushrooms.
They have far higher abilities to adapt to environmental
stresses than plants and animals, which can be applied to
agricultural, environmental and industrial purposes. The
aim of our group is to improve the environment, directly
or indirectly, through the studies on genetic and biochem-
ical control, adaptation to environmental stress and
genetic evolution of microorganisms.
1. Microbial degradation of polymers and aromatic com-
pounds
Based on the homology modeling of polyethylene glycol
dehydrogenase (PEGDH) that involved in PEG degrada-
tion, we produced mutant enzymes and analyzed the
active sites of the enzyme and its reaction mechanism
using the mutant enzymes. The transcription starting site
of PEG operon was determined and the regulation of the
operon was analyzed. We have performed cloning and
analysis of degradation genes for polypropylene glycol,
polyvinyl alcohol (PVA), aromatic compounds such as
PCB and naphthalene.
2. Analysis of Al-resistant microbes and their application
The Al-hyper-resistant Penicillium janthinellum F-13
was found to improve the growth of grass and wheat on
acidic soil, when inoculated together with plants. Al-resis-
tant gene isolated from Al-tolerant mutant derived from
Penicillium chrysogenum IFO4626 was introduced into
Arabidopsis thaliana to confer Al-resistance to it.
Inheritable and epigenetic Al-resistance newly found with
Rhodotorula glutinis IFO1125 was analyzed and elevated
Mg-uptake and mitochondria activities were detected.
Differential display indicated that expression of the genes
in wild- and resistant-types were markedly different and
the genes expressed or depressed more than the wild-
type were identified and classified into several groups.
3. Production of unique biosurfactants and their applica-
tion
Myroides sp. SM-1 isolated from seawater produced
biosurfactants (BSs) in marine broth. One of them was
purified, based on its emulsification of n-hexadecane.
Surprisingly, these compounds were completely in accor-
dance with bile acids (cholic acid, deoxycholic acid and
their glycine conjugates) by NMR and TLC analyses.
Cholic acid, a primary bile acid, was produced from cho-
lesterol, as indicated in mammals. Production of choles-
terol by procaryotes has not been reported except
mycobacteria and that of bile acids by them is a new bio-
chemical finding. These compounds did not emulsify for
crude oil. Other BSs were purified based on emulsification
for crude oil. These compounds were suggested to be a
lipopeptide and their chemical structure is under analysis. 
4. Development of a method for detecting bacterial cells
in soil
Many microorganisms can degrade hazardous materials
in soil. To assess the physiological status of bacterial cells
in soil, we developed a monitoring method using Laser
Scanning Cytometry (LSC). This instrument combines
the analytical capabilities of flow and image cytometry. To
distinguish between fluorescence of bacterial cells and
soil particles, we measured the fluorescence of
Escherichia coli expressing green fluorescent protein
(GFP) and that of soil particles. After measuring several
parameters like fluorescence intensity, brightness, tex-
ture etc., the data from GFP expressing E. coli were com-
pared with the fluorescence of soil particles and mineral
grains. Based on these fluorescence properties, bacterial
cells in soil sample were selectively estimated by LSC.








































The ecophysiological interactions between plant and
meteorological environment under various conditions are
studied at each level from ecosystem, vegetation, individ-
ual leaves to plant cells. 
1. Studies on plant response to meteorological stresses
The drought resistance under different water potential
was compared by growing Hongmaimai and
Shirasagikomugi in PEG solutions of different concen-
tration, with seed pack growth pouches. The results clari-
fied that under low water potential conditions,
Hongmaimai grows faster than Shirasagikomugi and
has higher water absorption abilty. The concentrations of
gases such as CO２ and O2 inside culms or pods of plants
are experimentally studied.
2. Studies on protection and preservation of ecosystem.
We have made some meteorological observations in
Rasyomon doline, Shimotaisyaku valley, Miyoshi basin and
a beech forest of Mt. Kenashi.  Now we are analyzing the
many observational data to protect and preserve each
ecosystem or wild plants,.
3. Studies on flooding damage of crop.
Water sensitivity of barley seeds are highly correlated
to germination under low oxygen content. Stimulation of
germination by GA under low oxygen content and sup-
pression by ABA shows different response among vari-
eties.
4. Effect of climate change on phenology.
Coloring date of Japanese maple (Acer palmatum
Thunb. Subsp. Palmatum)  delayed for several days in
these decade in Chugoku-Shikoku area. There is a good
correlation between coloring date and minimum tempera-
ture before coloring date. We made a quotation to esti-
mate a coloring date using data corrected at Kurashiki
district.
5. Observation of acid rain in Setouti district.
We are continuing a observations of acid rain for 20
years with co-researchers at Kagawa University.
Acidification of rain water is serious. Sixty five percentage
and 95% of rainfall is so called acid rain in Kagawa and
Kurashiki respectively. Acidity of rain water and acidty of
air moisture in day time is positively correlated


















































Our group has been investigating the mechanisms of
adaptation to bioenvironmental stresses, using E. coli, fil-
amentous musty-odor producing cyanobacteria, yeast and
higher plants.
1.  Studies on the mechanism of heavy-metal tolerance in
the filamentous musty-odor producing the cyanobacteri-
um Oscillatoria brevis
A novel gene (bxa1) related to heavy-metal transporter
(CPx-ATPase), a gene (bmtA) encoding heavy metal-
binding protein (metallothionein, MT) and a novel
SmtB/ArsR family metalloregulator gene (bxmR) from the
filamentous musty-odor producing cyanobacterium
Oscillatoria brevis were characterized. BxmR was
revealed to repress the expression of bxa1 and bmtA as
well as bxmR.  De-repression of the expression of all
three genes is mediated by both monovalent (Cu, Ag) and
divalent (Zn, Cd) heavy metal ions. Further experiments
revealed two important points. 1) The expression kinetics
of bxmR completely parallel that of bmtA .
Electrophoretic Mobility Shift Analysis showed that
bxmR and bmtA share the same protein-binding site.
Therefore this site is likely responsible for the co-tran-
scriptional regulation of these two genes. 2) The metal-
mediated de-repression of the transporter might function
as the first acute phase of defense against metal toxicity
in O. brevis.  The metallothionein BmtA is suggested to
function as a a slowly secondary system protecting O.
brevis from metal toxicity.
2.  Molecular genetic characterization of Al stress in plant
An Al-resistant line (#355-2) was isolated from a pool of
Arabidopsis activation enhancer tagging lines. The gene
expression of F9E10.5 and F9E10.6 was higher in #355-2
line than in a wild-type parental line. Our Al sensitivity
test suggested that F9E10.5 gene can slightly ameliorate
Al toxicity in this line. #355-2 line showed short root hairs
and lower Al ions were accumulated in root hair region of
this line than that of wild-type line. The root hair region
as well as root tips region may be the site of attack by the
Al ion in Arabidopsis.
To find a new mechanism and/or genes for Al resistance,
we performed Al sensitivity tests for wild weed plants (56
plants) and could isolated several candidates including
Miscanthas and Andropogon as Al super resistant plants.
Further physiological analyses, and an isolation of the Al
super resistant genes have started.
To characterize the  Al-stress induced gene, AtGST11,
we have started  isolation of the gene encoding transcrip-
tion factor, which is related to the gene-expression of the
AtGST11 in Al stress.
生命環境適応先端工学グループ Group of Advanced Engineering of Adaptation for Bioenvironment
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A. Group of barley
We have preserved ca. 10,000 accessions of cultivated
barley including experimental lines and ca. 300 acces-
sions of wild relatives. The subjects of our research are 1)
collection and preservation of barley germplasm including
evaluation of genetic diversity and characteristics in the
germplasm, construction of the barley germplasm data-
base and worldwide sample distribution and 2) genera-
tion of the resources for genome analysis including EST,
molecular markers and DNA libraries to study the
genome-based barley diversity and the genetic analysis of
significant traits in barley.
1. Evaluation of barley germplasm
(a) QTL analysis for Fusarium Head Blight (FHB) resis-
tance
We validated the resistance to FHB using several segre-
gating populations that represented different levels of
resistance, and carried out a QTL analysis. Seven QTLs
were detected and the effects of individual loci were
found to be affected by environmental factors.
(b) QTL analysis for barley seed dormancy
To access genetic mechanism of barley seed dormancy,
which may be associated with preharvest sprouting in
small grains including barley, a QTL analysis was per-
formed using two RI populations and two DH populations.
Detection of QTLs for the seed dormancy and comparison
of the chromosomal position and the effect of individual
QTL revealed that one QTL located on 5HL was common-
ly detected in all the populations. We are attempting to
map the QTL with higher resolution.
(c) Phylogenic analysis of‘uzu’semi-dwarf barley
Using more than 260‘uzu’landraces distributed in East
Asia, we carried out dCAPS marker analysis to detect
uzu-specific mutation of HvBRI1 found in‘Akashinriki’,
and discussed the phylogeny of‘uzu’landraces.
2. Collection and distribution of barley genetic resources
In 2004, ca. 1,000 seed samples were distributed on
request. In addition to seed distribution, cDNA and BAC
library (including individual clones, pooled BAC DNA for
screening, high density replica membranes and complete
clone set) were distributed with the support of the
National BioResource Project (NBRP).
3. Barley genome analysis
With the support of the Japan Science and Technology
Agency (JST), we are carrying out a project named
“Development and control of genomic function in
barley”. The project aims to establish an Asian center of
barley genome research based on the barley germplasm
preserved at the Barley and Wild Plant Research Center,
Okayama University.
Group of Barley and Wild Plant Resource


































































We have constructed ca. 10,000 barley unigenes using
140,000 EST generated at Okayama Univ.
In 2004, (a) ca. 2,000 EST were genetically localized onto
our standard mapping population using SNP typing tech-
nology, (b) barley ESTs were mapped onto diploid wheat
map for the comparative genome analysis between barley
and wheat, (c) transcriptional profiling analysis was per-
formed with several dwarf-isogenic pairs using both
cDNA microarray generated in our laboratory and
GeneChip Barley Genome Array (Affimetrix), and (d)
proteome analysis was performed for identification of the

























Preservation of seeds and herbarium of wild plants
(April 13, 2004)
Herbarium Seed Live seed
Family 250 220 198
Species  5,915 4,524 2,920






















































We have been studying the physiological function and
diversity of cells during plant growth at the molecular
level using biochemical techniques.
1. Mechanism of metal tolerance of wild plants.
The pollution of soil and water with heavy metals is
widespread and, therefore, a high level of tolerance to
these metals is required to grow plants at these contami-
nated sites. We have examined the growth of Lygodium
japonicum prothallium under normal and copper-
enriched conditions. Copper led to a reduction in cell
growth; the maximum mass of cells grown in the presence
of copper was 50% of the control at 90 days. However, the
total copper content of the cells cultured on the copper-
enriched medium increased linearly from the start of cul-
ture for 90 days. The maximum rate of copper uptake into
the cells was [17μmol copper/g dry wt]. Cell walls were
isolated from both copper-treated and untreated cells,
and then extracted sequentially with CDTA, Na2CO3, 1M
KOH, and 4 MKOH. The amount of pectin solubilized from
copper-treated cell walls was 53% of that from the con-
trol. When the pectin was fractionated by anion-exchange
chromatography into four carbohydrate peaks, consider-
able increases were observed in acidic pectic polymers
from copper-treated cell walls. Approximately 66% of the
copper in the cell walls of copper-treated cells was
released by the endo-pectate lyase treatment.
2.Structure and function of genes and proteins expressed
specifically in plants tolerant to environmental stresses.
We have established the expressed sequence tag (EST)
database of the salt-tolerant barley in to define the gene
expression profiles and to isolate the tolerance-related
genes.  The cDNA library was constructed from the
mRNAs prepared from the roots of salt-tolerant barley
“OUK305”treated with 100mM NaCl for 12 h because the
root is the organ of land plants mostly affected by salt
stress.  Randomly selected 6,432 cDNAs were sequenced
from both 3’and 5’ends, the ESTs were assembled by the
phred/phrap program, and 5,726 non-redundant ESTs
were obtained.  The sequence data of the root cDNA
library (HW) from the barley "Barke" was assembled by
the same program as a control.  The BLAST search
showed that 634 and 553 contigs from KR and HW,
respectively, had significant homology to the genes of the
barley, rice, wheat, and maize TIGR GO databases.  The
ESTs were categorized based on the Gene Ontology
Consortium and MIPS assignments, showing no significant
difference between the distribution of KR and HW ESTs.
However, some genes expressed specifically in KR, whose
function has not been identified, were detected by the
comparison of abundantly expressed genes between KR
and HW.





























































Our group is studying the metabolic functions and
mechanisms of the adaptation of resource plants to severe
environments, both at molecular and individual levels. We
focus on the chloroplast and mitochondrion - the two
organelles that participate in the energy transfer systems
of photosynthesis and respiration, respectively. 
1. Quality control of membrane proteins in chloroplasts
and its relationship to light adaptation
The photosynthetic apparatus is constantly damaged by
photooxidation.  The quality control of chloroplast pro-
teins, which are rapidly repaired after damaged, is crucial
for minimizing this photodamage.  This is especially
important when reaction center protein D1 in
Photosystem II, which is located on thylakoid membranes
is photodamaged during photosynthetic electron transfer.
FtsH is a membrane-bound ATP-dependent metallopro-
tease and is involved in this repair cycle.  We have recent-
ly shown that loss of chloroplastic homologues FtsH2 and
FtsH5 in Arabidopsis reduces PSII activity upon expo-
sure to high-intensity light and results in leaf-variegated
phenotype. Although our observation demonstrates the
importance of FtsH in the PSII repair cycle, the mecha-
nism leading to leaf variegation remains unclear.  We pro-
pose that the formation of variegated sectors is an adap-
tive response of plants to potentially lethal environmental
conditions, and currently we are trying to isolate the reg-
ulatory factors by molecular genetic approaches.
2. An Arabidopsis mutant deficient in pollen mitosis II
In plants, pollen has two sperm cells to perform double
fertilization. Mature pollen grain has a vegetative nucleus
together with the two sperm nuclei. However, another
type of mature pollen grain contains only one generative
nucleus. This difference in the nucleoploidity of mature
pollen grains may affect pollen viability. We isolated an
Arabidopsis mutant that has altered nucleoploidity. This
mutant, nikaku, segregated normal tri-nuclear pollen
grains and abnormal di-nuclear pollen grains at a 1:1. Our
genetic analysis showed that the di-nuclear phenotype
was inherited only maternally, and the transmission rate
was always 1:1. These results suggest that pollen mitosis
II is impaired in the mutation. Analysis of DNA content of
di-nuclear pollens revealed that the mutation blocked
DNA replication, suggesting that nikaku may affect pollen
mitosis II at an early step.
3. CO2 transfer enhanced by aquaporin
Although some previous studies suggest that the water
channel has a role in CO2 transport through plasma mem-
brane, there is still little evidence  whether CO2 transport
is enhanced by aquaporin in the intact plant. Transgenic
rice plants over-expressing aquaporin in plasma mem-
brane showed a higher internal CO2 conductance and
photosynthetic rate, which suggest that aquaporin has a
role in CO2 transport through the plasma membrane. In
the transgenic plants, leaf mesophyll anatomy is a dry-
type, suggesting that the leaves are acclimated to water
stress that is induced by aquaporin.Our group studies the
mechanisms of the genetic resources by which plants con-
trol the metabolic functions or the adaptation to severe
environments, both at molecular and individual levels. We
focus on chloroplast and mitochondrion - the two
organelles that participate in the energy transfer systems
of photosynthesis and respiration, respectively. Being vul-
nerable to environmental changes like temperature and
light intensity, these organelles have developed novel
adaptation mechanisms.
遺伝資源機能解析グループ Group of Genetic Resources and Functions
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B Nagaki, K., Talbert, P. B., Henikoff, S., Jiang, J. 2004.  The functional components of rice centromeres. Plant and
Animal Genomes XII, Jan. 10-14, San Diego, USA.
C Jin, W., Nagaki, K., Jiming, J. 2004.  The fine structure of maize centromeres.  Plant and Animal Genomes. XII, Jan. 10-
14, San Diego, USA
D Murata, M.., Shibata, F., Sato, H. 2004.  Differental localization of the centromere-specific proteins in Arabidopsis
thaliana. 15th Internat. Chrromosome Conference, Sept. 5-10, Brunel Univ., West London, UK.
E Shibata, F., Murata, M. 2004.  Histone H3 modifications in the centromeric regions of Arabidopsis thaliana. 15th
Internat. Chrromosome Conference, Sept. 5-10, Brunel Univ., West London, UK.
F Tani, A., Murata, M. 2004.  Characterization of a telomere end binding proteins in Arabidopsis thaliana. 15th Internat.
Chrromosome Conference, Sept. 5-10, Brunel Univ., West London, UK.
G Murata, M. 2004. Visualization of centromeric proteins/DNA in Arabidopsis thaliana. 5th Internat.Conference on
Chromosome Res. at Nano-era,“Nano and Visual Biology of Chromosome Dynamics”, Oct. 16-17, 2004, Kyoto
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Japan. Aug. 1-5, 2004.
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フィコ. Oct. 13-16, 2004.
O Shen H., Yan, X. and Matsumoto, H. Effect of modulators on the aluminum-induced efflux of citrate from soybean
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Conference on Biodegradable Polymers and Plastics, Seoul, Korea, June 1-4, 2004.
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pH. Sendai, Japan, August 1-5, 2004
25
B Ezaki, B., Kiyohara, H., Matsumoto, H., Nakashima, S.: Characterization of a novel gene and a mechanism of
Arabidopsis enhancer tagging line for aluminum (Al)-resistance. JSPS Workshop on“Development of Biomanure
Based on the Symbiotic System”, Bali, Indonesia, December 3-4, 2004
大麦・野生植物資源研究センター (Barley and Wild Plant Resource Center)
大麦・野生植物資源グループ (Group of Barley and Wild Plant Resource)
A.大麦 (Barley)
A Sato, K., Y. Yamazaki and K. Takeda: Comparative sequence analysis of barley ESTs and rice genome. Plant, Animal &
Microbe Genomes XII, abstract: W30, 2004.
B Suzuki H., T. Sasanuma, K. Sato and K. Takeda: Expression analysis using cDNA microarray in seedling shoots of malt-
ing barley and its dwarf mutants. IPGSA Meeting 2004, Canberra, Australia, 20-24 September 2004.
C Sato K., H. Suzuki and K. Takeda: Comparison of expression profiles between GeneChip and cDNA microarray in
seedling shoots of malting barley and its dwarf mutants. IPGSA Meeting 2004, Canberra, Australia, 20-24
September 2004.
D Hori, K., T. Kobayashi, K. Sato, K. Takeda: QTL Analysis of resistance to fusarium head blight in barley RI populations.
9th International Barley Genetics Symposium, Proceedings II: 792-798, 20-26 June 2004, Brno, Czech Republic
E Saisho, D., K. Tanno, M. Chono, I. Honda, H. Kitano and K. Takeda: Identification of barley semi-dwarf gene‘uzu’. 9th
International Barley Genetics Symposium, Proceedings II: 220-225, 20-26 June 2004, Brno, Czech Republic
F Takeda, K.: Inheritance of fusarium head bright resistance in barley. 9th International Barley Genetics Symposium,
Proceedings I: 302-307, 20-26 June 2004, Brno, Czech Republic
G Hirota, N., T. Kaneko, H. Kuroda, K. Ito and K. Takeda: Genetic variation of barley seed lipoxygenase-1: Null mutants.
9th International Barley Genetics Symposium, Proceedings II: 69-73, 20-26 June 2004, Brno, Czech Republic
H Hirota, N., T. Kaneko, K. Ito and K. Takeda: Genetic variation of barley seed lipoxygenase-1: Thermostability. 9th
International Barley Genetics Symposium, Proceedings II: 64-68, 20-26 June 2004, Brno, Czech Republic
I Sato, K., N. Nankaku, Y. Motoi and K. Takeda: A large scale mapping of ESTs on barley genome. 9th International
Barley Genetics Symposium, Proceedings I: 79-85, 20-26 June 2004, Brno, Czech Republic
J Sugimoto, M., Y. Okada, K. Sato, K. Ito and K. Takeda: Root-specific O-methyltransferase gene expressed in salt-toler-
ant barley. 9th International Barley Genetics Symposium, Proceedings II: 998-1002, 20-26 June 2004, Brno, Czech
Republic
B.野生植物 (Wild  Plant)
A Enomoto, T., N. Shimizu, S. Kurokawa and S. Kariyama. 2004. Weed invasions from foreign countries into Japan Beijing
International Symposium on Biological Invasions : E9-E10. Beijin, China..
B Asai, M., S. Kurokawa, N. Shimizu and T. Enomoto. 2004.  Identification of exotic weed seeds detected from imported
hay into Japan. International Conference on Assessment and control of biological invasion risks. August 26-29,
2004. Education & Cultural Hall, Yokohama National University Tokiwadai, Hodogaya-ku, Yokohama, Japan.
細胞分子生化学グループ (Group of Cytomolecular Biochemistry)
A Sugimoto, M., Okada, Y., Sato, K., Ito, K. and Takeda, K.: Root-specific O-methyltransferase gene expressed in salt-tol-




遺伝資源機能解析グループ (Group of Genetic Resources and Functions)
A Sakamoto, W.: FtsH metalloproteases VAR1 and VAR2 involved in the repair cycle of Photosystem. 13th International
congress of photosynthesis. Montreal, Canada, Aug. 29 - Sept.. 3, 2004
B Zaltsman, A., Raskind, S., Sakamoto, W., Feder, A., Sinvany G. and Adam, Z. The family of chloroplast FtsH proteases
in Arabidopsis - expression and function. CSHL Meeting on Molecular Chaperons and the Heat Shock Response.


































16．Plasma membrane Ca2+ permeable channels in ABA- 森　　　泉 （カリフォルニア大・サンディエゴ校）






The 7th Plant Biomembrane Symposium
March 26, 2004. University of Tokyo
Title: New Century of Biological Membrane
Organizer: Maki Katsuhara (RIB, Okayama University)
Kazuyuki Kuchitsu (Dep. of App. Bio. Sci., Tokyo University of Science)
Session I Membrane Transport: New Aspects of Pump and Transporter
研究所員が主催したシンポジウム等
(List of Symposium Superintended by the Member of Institute)
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1. Special lecture: Activation mechanism and role of plasma membrane ATPase in stomata opening
Ken-ichiro Shimazaki (Fac. Sci., Kyushu University)
2. A novel cyanobacterial CPx-ATPase in multi-heavy-metal cotolerance
Susumu Nakashima (RIB, Okayama University)
3. Regulation of vacuolar H+-ATPase activity and its mechanism 
Youichi Nakanishi (Grad. Sch. Bioagro. Sci., Nagoya University)
4. Na+/K+-ATPase homologues in Acetabularia acetabulum
Mikiko Ikeda (Okayama Prefect. University)
5. Regulation of sulfate ion transport system in plant.
Hideki Takahashi (PSC, RIKEN)
6.Isolation and regulation of boron transporter, BOR1.
Junpei Takano (Grad. Sch. Agri. Life Sci., University of Tokyo)
7. Aluminum tolerance gene of wheat: malate transporter in plasma membrane.
Takayuki Sasaki (RIB, Okayama University)
Session II New development of molecular physiology in membrane transport
8. Membrane transport of secondary metabolites and ABC transporter.
Kazufumi Yazaki (Wood Res. Inst., Kyoto University)
9. Plant physiology on phosphate: its transport and metabolism
Tetsuro Mimura (Dep. Biology, Nara Womenﾕs University)
10. Development and dynamics of endosomes in plant cells.
Takashi Ueda (Disc. Res. Inst., RIKEN)
Session III New aspect of calcium signaling
11. Calcium signaling in plants: CDPK and stress-responsive protein kinase.
Koji Yuasa (Grad. Sch. Arts Sci., University of Tokyo)
12. Calcium signaling in plants: calcium monitoring and calcium channel
Takuya Furuichii (Grad. Sch. Medic., Nagoya University)
13. Regulatory factor of cell death and its regulation by calcium
Yuri Ihara (IMCB, University of Tokyo)
14. Calcium signaling in Chara
Munehiro Kikuyama (Dep. Biol., Niigata University)
15. Mechanism of increase in cytoplasmic calcium induced by blue-light in Arabidopsis leaves.
Akiko Harada (PSC, RIKEN)
16.  Plasma membrane Ca2+ permeable channels in ABA-signaling in stomatal guard cells.
Izumi Mori (UCSD, USA)
17. Physiological function of stress-responsive and voltage-dependent calcium channel in plants.
Kazuyuki Kuchitsu (Dep. of App. Bio. Sci., Tokyo University of Science)
18. New aspect of stretch-activated calcium channel
Hidetoshi Iida (Dep. Biology, Tokyo Gakugei University/ CREST JST)
19. Molecular mechanism of calcium regulation of actin-myocin cytoskeleton system.
















21st RIB Symposium (December 18, 2004. Kurashiki City Art Museum Hall)
Title: The Development of Post-Genomics Based on Comparative Biology
-Functional Analysis and Differentiation of Biodiversity-
1. Various methods of compararive genomics with special reference to mammalian genomes
Naruya Saitou (Div. Population Genetics, Natl. Inst. Genetics)
2. How plants measure the day length in photoperiodic flowering?
- Comparative molecular biology using the short-day plant, rice and the long-day plant, Arabidopsis-
Takeshi Izawa (Molecular Genetics Group, Natl. Inst. Agrobiol. Sci.)
3. Comparative molecular genetics of wide adaptability of wheat and barley
- Analysis of the genes controlling heading time
Kenji Kato (Lab. Plant Cytogenetics and Breeding, Fac. Agr, Okayama Univ.)
4. Molecular mechanism and commercial utilization of semi-dwarfism in cereal crops
- Comparison between 'Green Revolution' and 'uzu' barley 
Daisuke Saisho  (RIB, Okayama Univ.)
5. Roles of Epigenetic Regulation in Biological Diversity
Yoshiki Habu  (Plant Cell Engineering Lab, Natl. Inst. Agrobiol. Sci.)
6.  Diversity of developmental processes inferred by mutant analyses of rice











The 90th Anniversary of the Founding of Institute
Program of RIB Open Lectures, Okayama University 2004(July 24~July 31, 2004,RIB)
Title: perseverance of living things
1. Unknown capability of plant root July 24 Hideaki Matsumoto
2. Water is important:how cells control water influx and efflux ? Maki Katsuhara
3. A mystery of virus July 31 Tetsuo Tamada
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The 90th Anniversary of Founding of Research Institute for Bioresources, Okayama 
University
Research Institute for Bioresources, Okayama University was established in 1914 by Mr. Magosaburo
Ohara. On Friday, December 17, 2004, the 90th Anniversary of Founding of the Institute was celebrated in
Kurashiki. The ceremony, lecture and party were largely attended.
Ceremony
December 17, 2004. Kurashiki City Art Museum
32
Memorial Lecture 
December 17, 2004. Kurashiki City Art Museum
１．A history from the Ohara Institute to the Research Institute for Bioresources: －To reach the centennial anniversary－
Minoru Murata (RIB, Okayama Univ.)
２．Studies on the self-incompatibility in Brassica family
Akira Isogai (Nara Inst. of Sci. and Tech.)
３．Plant biotechnology and our future －A mission of the basic study－
Masaki Iwabuchi (National Inst. of Agrobiol. Sci.)
Party
December 17, 2004. Kurashiki Kokusai Hotel 
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